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Abstract
In this paper, we study the thermodynamic of the charged accelerating AdS black hole in the
extended phase space. Firstly, the thermodynamic quantities are derived and the state equation
is obtained for this black hole. Through the investigate to the critical behavior, which shown that
the charged accelerating AdS black hole as thermodynamic system is similar to the van der Waals
system. The two systems share same critical exponents, and the black hole system also show
that the large/small black hole phase transition. Then, we derive the inversion temperature of
this black hole and plot the inversion and isenthalpic curves in the T − P plane. We find that
the inversion temperature for a given pressure increases with e, and the acceleration parameter
has the opposite effect, which the inversion curves decreases gradually with the the increases of a.
Finally, we investigate the influence of acceleration parameter on isenthalpic curves, and obtain
the ration between the minimum inversion temperature and critical temperature also is 0.5, which
also means that the acceleration parameter has no effect on this universal ratio.
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I. INTRODUCTION
Black hole thermodynamics can be used as a bridge connect classical thermodynamics,
quantum mechanics and general relativity, which has been a topic of great concern in theoret-
ical physics. Since Hawking radiation and Bekenstein-Hawking entropy were first proposed,
people begin to investigate many black holes thermodynamic properties [1–6]. Subsequently,
people found that black hole can be regarded as thermodynamic system, which makes it
possible for black hole thermodynamic system and classical thermodynamic system to have
some interest thermodynamic similarities. The first milestone in the study of black hole
thermodynamics is Hawking and Page found these similarities become more obvious and
accurate in the anti-de Sitter(AdS) space, which investigated the phase transition between
Schwarzschild-AdS black hole and thermodynamic AdS space [7]. The another milestone
of black hole thermodynamics is Chamblin and Emparan found the similar relationship
between charged AdS black hole and van der Waals fluid [8].
Recently, the idea of research black hole thermodynamics is treats the cosmological con-
stant as thermodynamic pressure in extended phase space, i.e. P = − Λ
8pi
= 3
8pil2
, and the
pressure conjugate quantity is considered as thermodynamic volume [9, 10]. Based on this
idea, many black holes thermodynamic properties has been investigated again, which shown
that the phase transition of the charged AdS black hole is similar to the van der Waals fluid
system, and they have similar P − V diagram and critical exponents [11–24].
In addition to the thermodynamic phase transition and critical phenomena, the latest
research progress of black hole thermodynamics is the Joule-Thomson expansion. O¨kc and
Aydıner creatively extends the famous Joule-Thomson expansion process to black hole sys-
tem, which shown that the charged AdS black hole exist inversion temperature and inversion
curves, and also have cool-warm regions [25]. Subsequently, various black holes has been
studied, such as d-dimensional charged AdS black hole [26], Gauss-Bonnet black holes [27],
regular(Bardeen)-AdS black hole [28], f(R) gravity coupled with Yang-Mills field [29] and
Rastall gravity [29], etc.
On the other hand, we known that an interest kind of black hole solution, which takes the
form of a cone defect angle angle attached to the polar axis of the black hole. Because of this
defect, it provides the driving force for acceleration, which can remove accelerated horizon,
this kind of black hole is called accelerating black hole. It is thought to be due to the creation
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of a force that moves it away from the center of the negatively curved spacetime, and the
cosmic string terminates at the event horizon [30]. In [31, 32], C-metric represents the metric
of the black hole, but this solution is idealized, because the singularity cone of a black hole can
be replaced by a finite width cosmic string core [33]. Meanwhile, the application of C-metric
is not limited to general relativity, which can be used to describe the generation of black holes
in an electric or magnetic field and the splitting of cosmic strings [33–35]. However, people
found that the research of its thermodynamic properties is somewhat abstruse, which is due
to unusual asymptotic properties and at least one immovable conic singularity in symmetric
azimuth axis [36–40].
Based on the above ideas, the motivation of this paper is investigated thermodynamic
of the charged accelerating AdS black hole. Because we unknown that whether the ther-
modynamic behaviors of this black hole and van der Waals fluid are similar. Meanwhile,
we also want to know the effect of charged and acceleration parameter on thermodynamic
behaviors.
The outlines of this paper are listed as follows. In Sec.II, we mainly review the thermo-
dynamics properties of the charged accelerating AdS black hole in the extended phase space,
and investigate to critical behavior of this black. In Sec.III, we study the Joule-Thomson ex-
pansion of the charged accelerating AdS black hole, and analyze the influence of charged and
acceleration parameters on this process. Sec.IV ends up with conclusions and discussions.
We use the units GN = ~ = κB = c = 1.
II. THE THERMODYNAMIC PROPERTIES OF THE CHARGED ACCELERAT-
ING ADS BLACK HOLE AND P − V CRITICAL
In this section, we briefly review the thermodynamic properties of the charged accelerating
AdS black holes. The line element of this black hole can be expressed as [30]
ds2 =
1
Ω2
[
f(r)dt− dr
2
f(r)
− r2
( dθ2
g(θ)
+ g(θ) sin2 θ
dφ2
K2
)]
, (1)
in which the Ω is the conformal factor, i.e.
Ω = 1 + Ar cos θ, (2)
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the existence of conformal factor can be used to guarantee the conformal invariance and
boundary conditions in AdS spacetime. The f(r) is
f(r) = (1− A2r2)
(
1− 2m
r
+
e2
r2
+
r2
l2
)
, (3)
where the m is black hole mass, e is charged and A is acceleration parameter. And the g(θ)
is
g(θ) = 1 + 2mAcosθ + e2A2cos2θ. (4)
Black hole have the following regularity at the pole, i.e.
K± = g(θ±) = 1± 2Am+ e2A2. (5)
From the above formula, we can see that the positive and negative of the parameter K must
be fixed, otherwise both solutions are regular. According to [31], one can obtain
K = 1 + 2Am+ e2A2. (6)
By integrating on the conformal infinite sphere, one can obtain the black hole mass, charged
and potential,
M =
m
K
, Q =
1
4pi
∫
Ω=0
F =
e
K
, Φ =
e
rh
, (7)
where rh is black hole horizon radius, F is electromagnetic field tensor, which depend on
standard potential B,
B = −e
r
dt, F = dB. (8)
The area of the horizon can be written as
A =
∫ pi
0
∫ 2pi
0
√
gθθgφφdθdφ =
4pir2h
K(1− A2r2h)
. (9)
Therefore, the black hole entropy is
S =
A
4
=
pir2h
K(1− A2r2h)
. (10)
According to Eq. 3, the black hole mass is given by
m =
3r2h + (8piP − 3A2)r4h + 3e2(1− A2r2h)
6rh(1− A2r2h)
, (11)
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and the black hole temperature is
T =
(1− A2r2h)(8Ppir4h + r2h − e2)
4pir3h
. (12)
We also can obtain the pressure expression from Eq. 12, i.e.
P =
A2e2r2h + r
2
h − e2 − A2r4h − 4pir3hT
8pir4h(A
2r2h − 1)
, (13)
where the A is acceleration term, i.e. A = a/rh [30]. Therefore, Eq. 13 deformation become
P =
(a2 − 1)e2 − r2h(a2 − 1 + 4pirhT )
8pir4h(a
2 − 1) , (14)
this is the state equation of the charged accelerating AdS black hole. In addition, we can
get several other thermodynamic variables according to the first law of thermodynamics and
Smarr relation, i.e.
V =
(∂M
∂P
)
S,Q
, Φ =
(∂M
∂Q
)
S,P
. (15)
At the critical point, we have [11]
∂P
∂rh
=
∂2P
∂r2h
= 0. (16)
According to Eqs.14 and 16, the black hole critical physical quantity is given by
rc =
√
6e, Pc =
(a2 − 1)2
32(3− a2)e2pi , Tc =
1− a2
3
√
6epi
. (17)
The ratio occurred at the critical point is given by
 =
Pcν
Tc
=
9(a2 − 1)
8(a2 − 3) , (18)
we treat the horizon radius rh as the specific volume ν = 2rh [12]. This result is similar to
the van der Waals system, but the difference is that the ratio of the van der Waals system
is 3/8. When we take the acceleration parameter a as zero, the value of Eq. (18) become
 =
Pcν
Tc
=
3
8
, (19)
which is the same as the case in the van der Waals system and the RN-AdS black holes [12].
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Fig 1. (color online) P − r diagram of the charged accelerating AdS black hole. Here the charged
is e = 2. The left figure, which the upper curve correspond to the ideal gas one-phase behavior
for T > Tc , the median curve correspond to T = Tc, the lower curve correspond to the two-phase
state occurring for T < Tc. Here the accelerating parameter is a = 0.2. In right figure, the curves
correspond to a = 0.2, 0.3, 0.4 from top to bottom.
In Fig.1, we can see that for the upper curve with temperature T > Tc, the curve represents
only a stable state, i.e. the gas state and no phase transition could occur. For the lower
curve with temperature T < Tc, it represents an unstable state and can also be regarded
as the phase of gas-liquid coexistence in the van der Waals system. Therefore, when the
temperature is lower than the critical temperature Tc, it can be considered that there will
be phase transition between the small black hole and the large black hole, but for the
temperature T > Tc, there is no phase transition. And, we find that the phase transition
curves move to the down gradually with the increase of the acceleration parameter a when
the charge e is constant, which indicating that the phase transition point decreases with the
increase of a.
Meanwhile, we also obtain critical exponents of this black hole [13]
Cv =
(
T
∂S
∂T
)
V
∝| t |−α, η = Vl − Vs ∝| t |β,
κT =
(
− 1
V
∂V
∂P
)
T
∝| t |−γ, (P − Pc) ∝ (V − Vc)δ, (20)
where Vl−Vs is the volumes of the small and large black hole respectively and the κT is the
compressibility coefficient. By solving Eqs.(14) and (20), the critical exponents can be find
through these relations, which is (α, β, γ, δ) =(0,1/2,1,3). We also find that these values are
consistent with the van der Waals system and the RN-AdS black hole [15]
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III. JOULE-THOMSON EXPANSION OF THE CHARGED ACCLERATING ADS
BLACK HOLES
In this section, we will investigate the Joule-Thomson expansion of the charged accel-
erating AdS black holes. As we all known, Joule-Thomson expansion is famous classical
thermodynamic process, which shown that the gas undergoes irreversible adiabatic expan-
sion from high pressure to low pressure through a porous plug or valve, and the most obvious
feature of the process is that the enthalpy remains unchanged. The rate of change of gas
temperature with pressure is defined as Joule-Thomson coefficient, i.e.
µ =
(∂T
∂P
)
H
. (21)
Since the pressure always decreases when the gas expands, the pressure is negative value.
So we can think that the sign of Joule-Thomson coefficient can determine the cooling and
heating of the system, because when µ < 0, the temperature is always positive, which cor-
responds to warm system, and vice versa. According to [25], the Joule-Thomson coefficient
can be written as
µ =
(∂T
∂P
)
H
=
1
Cp
[
T
(∂V
∂T
)
p
− V
]
. (22)
Setting µ = 0, we can get the inversion temperature, i.e.
Ti = V
(∂T
∂V
)
P
. (23)
On the other hand, we known that the characteristic feature of the expansion is that the
temperature changes with pressure, while enthalpy remain constant during the expansion
process. And the mass of the black hole is determined as the enthalpy in the anti-de Sitter
space, so that the black hole mass remains constant during this process. In our case, the
pressure P can be rewritten as a function of m and rh from Eqs.(3) and (13), i.e.
P (m, rh) =
6mrh − 3e2 − 3r2h
8pir4h
, (24)
and substituting P (m, rh) into Eq.(12) for temperature yields
T (m, rh) =
(a2 − 1)(2e2 − 3mrh + r2h)
2pir3h
. (25)
From the relation between the Joule-Thomson coefficient, Eq.(19) have a simple expression
µ =
(∂T
∂P
)
H
=
( ∂T
∂rh
)
H
(∂rh
∂P
)
H
=
(
∂T/∂rh
)
H(
∂P/∂rh
)
H
. (26)
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According to Eqs.(24), (25), (26) and (11), the Joule-Thomson coefficient is
µ =
4rh(a
2 − 1)(2r2h − 3e2 + 8piPr4h)
3(e2 − r2h − 8piPr4h)
. (27)
Then, setting µ = 0 in Eq.(27), one can get
2r2h − 3e2 + 8piPr4h = 0. (28)
By solving Eq.(28) for rh(Pi), one can get a positive and real root which has a physical
meaning, and the corresponding pressure in the root is the inversion pressure. Substituting
the root into Eq.(12) for temperature, one can obtain the inversion temperature. The root
is
r =
√√
1+24e2Pipi
Pipi
− 1
Pipi
2
√
2
. (29)
And the inversion temperature is
Ti =
(a2 − 1)(√1 + 24Pie2pi − 1− 16e2Pipi)
Pi
√
2pi
(√
1+24e2Pipi−1
Pi
) 3
2
. (30)
From the expression for the inversion temperature Ti, we plot the inversion temperature
curves for the charged accelerating AdS black hole in Fig.2, which shown that the different
values of charged e and acceleration parameter a. It can be seen that the inversion tem-
perature for a given pressure increases with e. However, the acceleration parameter has the
opposite effect, which the inversion temperature decrease gradually with the the increases
of a.
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Fig 2. (color online) Inversion curves of the charged accelerating AdS black hole in T − P plane.
From bottom to top, the left figure correspond to the charged e = 1, 2, 3, 4, and the right figure
correspond to the acceleration parameter a = 0.7, 0.5, 0.3, 0.1.
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If we set the inversion pressure Pi to zero, the minimum inversion temperature is given by
Tmini =
1− a2
6
√
6pie
. (31)
The ration between the minimum inversion temperature and the critical temperature is given
by
Tmini
Tc
=
1
2
. (32)
The ration between the minimum inversion temperature and the critical temperature for
the charged accelerating AdS black hole is smaller than for the van der Waals fluid(0.75),
but it is the same result as many black holes, for example Reissner-Nordstro¨m AdS black
hole [25], which may indicates that the acceleration parameter has no effect on this universal
ratio.
In Fig.3, we plot the isenthalpic (constant mass) and inversion curves for different values
of charged e in the T − P plane. We can see that the inversion curves divide the plane into
two regions. The region above the inversion curves corresponds to the cooling region, while
the region below the inversion curves corresponds to the heating region. In fact, the heating
and cooling regions are determined by the sign of the slope of the isenthalpic curves. It is
positive in the cooling region and negative in the heating region, and the inversion curve
acts as a boundary between the two regions.
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Fig 3. Inversion and isenthalpic(constant mass) curves of the charged accelerating AdS black hole.
From bottom to top, the isenthalpic curves correspond to the increasing values of the mass of the
black hole. Left: e = 2, a = 0.5 and m = 4, 5.5, 5, 5.5. Right: e = 4, a = 0.5 and m = 6, 6.5, 7, 7.5.
Finally, we also plot the isenthalpic curves when both m and e are constants, which
shows the acceleration parameter a have an effect on the isenthalpic curves. In Fig.4, we
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find that the isenthalpic curves moves to the decrease gradually with the increase of the
acceleration parameter a when the charge e and mass m are constants, which indicating
that the inversion temperature decreases with the increase of a. However, the width of the
curve does not change, so it can be seen that the acceleration parameter a has no effect on
the pressure, which further shows that the ratio between the minimum inversion and the
critical temperatures is not affected by acceleration parameter a.
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Fig 4. (color online) The isenthalpic(constant mass) curves of the charged accelerating AdS black
hole. From top to bottom, a=0.2, 0.5, 0.7, 0.9, and the isenthalpic curves correspond to the moves
to the down gradually values of the a of the black hole. The parameter M = 4 and the charge
e = 2.
IV. CONCLUSIONS AND DISCUSSIONS
In this paper, we have investigated thermodynamic of the charged accelerating AdS black
hole. This black hole takes the form of a cone defect angle angle attached to the polar axis,
which provides the driving force for acceleration and can be remove accelerated horizon.
Firstly, according to the first law of black hole thermodynamics, we have derived the various
thermodynamic quantities and state equation of the charged accelerating AdS black hole.
Subsequently, according to the state equation, we have obtained the critical temperature,
the critical pressure, and critical exponents, and the critical exponents of this black hole are
found to be identical to the van der Waals system, i.e. (α, β, γ, δ) =(0,1/2,1,3). It means that
the comparison between our black hole system and the van der Waals system more obvious,
and the ratio occurred at the critical point is 9(a
2−1)
8(a2−3) . When a = 0, this ratio returns to 3/8
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of the van der Waals system and RN-AdS black hole. Meanwhile, we also found that the
phase transition point is gradually declining with the increase of acceleration parameter a,
and it is closer to the coexistence of two phases, which means that phases transition will be
affected by acceleration parameter.
Then, we have also investigated the Joule-Thomson expansion of the charged accelerating
AdS black hole. By Joule-Thomsion coefficient, the inversion temperature was obtained, the
inversion and isenthalpic curves was plotted in the T − P plane. Meanwhile, we found that
the inversion curves is gradually rising with the increase of charged e, and the effect of
the acceleration parameter a is completely contrary, the curve is gradually falling with the
increase of a. On the other hand, the highest point of the isenthalpic curves corresponds to
the inversion point of temperature, it means that the black hole can be divided into cooling
and heating two regions. Finally, we have obtained the ratio between the minimum inversion
and critical temperatures of the charged accelerating AdS black hole. This ratio is 0.5, which
is identical to the RN-AdS black holes, it means that the acceleration parameter a did not
have affect on the ratio of the minimum inversion and critical temperatures. Meanwhile,
we also plot the isenthalpic curves when both m and e are constants, which show the effect
of the acceleration parameter a on the isenthalpic curves. It shown that the isenthalpic
curves moves to the decrease gradually with the increase of the acceleration parameter a
when the charge e and mass m are constants, which also means the inversion temperature
decreases with the increase of a. Through investigated these thermodynamic behaviors,
which provided new understanding to the thermodynamic of the charged accelerating AdS
black hole.
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